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Water scarcity due to persistent drought is forcing many countries around the 
world to explore alternative freshwater resources. Australia is the world’s driest 
inhabited continent, and has one of the most variable rainfall intensities. This has 
encouraged the harvesting of stormwater and reuse of water in order to reduce the 
demand placed on municipal water supplies. Urban and industrial stormwater runoff 
has high potential as a reusable water resource for agricultural irrigation, irrigation 
of parks and sportsgrounds, and toilet flushing. However, stormwater contains many 
pollutants which can have dire effect on plants, animals, aquatic organisms and 
humans and for this reason they should be removed before the water is used for 
these beneficial purposes.  
Assessing urban stormwater quality by investigation and characterisation of 
pollutants is a prerequisite for its effective management, for reuse and safe 
discharge. The stochastic nature of rainfall, dry weather periods, topology, human 
activities and climatic conditions generate and wash-off pollutants differently from 
event to event. Therefore, a study was commenced to investigate the major physico-
chemical pollutants in stormwater runoff collected from an urban catchment system 
after several rainfall events over a period of three years. Correlation analysis and 
principal component analysis (PCA) were done to identify the possible relationships 
among measured pollutants. Although correlation analysis revealed some 
relationships between pollutants, PCA biplots suggested a few group-related 
pollutants and revealed that a two-component model could explain nearly 72% of 
the variability between pollutants. Pollutants in the group that included dissolved 
organic carbon (DOC) behaved in a similar manner. Most of the pollutants were 
washed off during an early stage of an event giving rise to the first flush 
phenomenon. UV spectroscopy was applied to identify the first flush by comparing 
the recorded spectrum of consecutive samples that were collected in an event. 
Analysis of the spectra was able to isolate the point when first flush ends for DOC 
and pollutants that behaved similar to it.   
The second part of the thesis dealt with remediation of stormwater by 
removing important organic and inorganic pollutants. Organic pollutants and heavy 
metal concentrations in stormwater are expected to increase and reach toxic levels in 
the near future because of rapid urbanisation leading to increasing density of motor 
xxii 
 
vehicles. Polycyclic aromatic hydrocarbons are a group of highly persistent, toxic 
and widespread environmental micropollutants that are increasingly found in water. 
A study was conducted in removing five PAHs, namely naphthalene, 
acenaphthylene, acenaphthene, fluorene and phenanthrene from water by adsorption 
onto granular activated carbon (GAC). The pseudo-first order (PFO) model 
satisfactorily described the kinetics of adsorption of the PAHs. Batch equilibrium 
adsorption data fitted well to Langmuir, Freundlich and Dubinin-Radushkevich 
models with the Freundlich model having the best fit. The Langmuir adsorption 
capacities for naphthalene, acenaphthylene, acenaphthene, fluorene and 
phenanthrene were 33.7, 76.6, 40.8,45.7 and 47 (mg/g), respectively. The adsorption 
affinities were related to the hydrophobicity of the PAHs as determined by the log 
kow values. Overall the results showed that GAC can be effectively used to remove 
PAHs from stormwater. 
Polycyclic aromatic hydrocarbons and heavy metals are dangerous pollutants 
that commonly co-occur in water. Therefore, it is important to determine their 
adsorption capacities when they are present together, because there could be 
competition for adsorption between the two groups of pollutants and this would 
reduce their removal efficiency. Most previous adsorption studies were conducted 
either on PAHs or heavy metals separately and not when they occur together. An 
adsorption study conducted on the simultaneous removal of PAHs (acenaphthylene, 
phenanthrene) and heavy metals (Cd, Cu, Zn) by GAC showed that, when these 
pollutants are present together, their adsorption capacities were less than when they 
were present individually due to competition for adsorption. Between the two 
classes of pollutants, PAHs had higher adsorption capacities than heavy metals. The 
reduction in adsorption of PAHs by heavy metals followed the orders of heavy 
metals’ adsorption capacity and reduction in the negative zeta potential of GAC (Cu 
> Zn > Cd). 
Bio-retention beds constitute a widespread treatment measure used in 
sustainable stormwater management particularly by the local councils in Sydney, 
Australia. However, most of the bio-retention treatment systems are not efficient in 
removing pollutants from stormwater. Final part of the research was on evaluating 
the efficiency in removing pollutants using a bio-retention medium (R165, natural 
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soil with a texture sandy loam) and enhancing the pollutant removal capacity by 
mixing with GAC (0.3%) and zeolite (10%). Column experiments were carried out 
at the flow velocity of 100 mm/hr and 300 mm/hr in down-flow mode. The soil-
based filter without additions removed substantial amounts of PO4-P and NH4-N for 
up to 8 h at a flow velocity of 100 mm/h which is a one-year time-equivalent of 
rainfall at a locality in Sydney, Australia. An addition of 10% zeolite to the soil-
based filter extended the column saturation period to 24 h. The breakthrough data 
for PO4-P and NH4-N were satisfactorily described by the Thomas model. The 
majority of the nine heavy metals tested were removed by more than 50% for upto 4 
h in the soil-based filter. This level of removal increased to 16 h when 10% zeolite 
was added to the filter. The column with the soil-based filter + 10% zeolite had 
higher affinity for Pb, Cu, Zn and As than Ni, with Pb having the highest percentage 
removal. Soil-based filter + 10% zeolite removed considerable amounts of 3 PAHs 
(30-50%), while Soil-based filter + 10% zeolite + 0.3% GAC removed 65 to > 99% 
of the PAHs at 24 h operation. Phenanthrene and pyrene were almost 100% 
removed. This application will greatly facilitate the reduction of pollutant 
concentration in biofilter-treated stormwater in many stormwater harvesting projects 
which are currently experiencing difficulties in achieving clean reusable water. 
 
 
 
 
 
